The number of migrants to Japan during the period of 1,000 years from the Aeneolithic Yayoi to early historic ages (ca. 300 B. C. to ca. 700 A. D.) were estimated by means of 2 models of simulation.
Introduction
As the data have been accumulated and detailed analyses carried out in the fields of physical anthropology and related sciences, it has become more and more evident that migration to Japan took place from the last stage of the Neolithic Jomon period. The scale of migration is supposed to have become larger drastically in the Aeneolithic Yayoi age and the succeeding protohistoric Kofun and early historic ages in Japan. The migrants came from the Asian Continent, perhaps mainly via Korean Peninsula, and were likely responsible for rapid changes in culture as well as physical characteristics of Japanese. In recent years, most of the anthropologists who are interested in the origin and formation processes of Japanese have accepted this idea, but their understanding of impact of the migrants on Japanese varies to a large extent. Particularly in regard to the number of migrants who landed Japan, largely different guesses rather than theories have been proposed. Some anthropologists emphasized, for instance, that the number of migrants was negligible and others esti-
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No. 8707 Received April 13, 1987. mated relatively large number. Part of specialists in early Japanese history also supposed that the scale of migration was fairly large. However, no investigation related to this problem has been undertaken on the scientific basis.
On the other hand, not only Japanese culture but also their physical characteristics are so complicated that the idea of monophyletic origins are hardly acceptable.
As analyses from different view points progress, it has become evident that the influences of the migrants on the Japanese culture and physical characteristics cannot be ignored. In this connection, estimation of the number of migrants may be of special importance for providing basic data to studies in different fields of investigations.
Although the analysis carried out in the present study is still immature, it is expected to give rough idea in regard to the scale of migration took place in early times of the Japanese history.
Methods
Two ways of simulation were employed in the present study. One is based on the population growth rates and the other on the secular changes of cranial morphology.
In both cases, the basic data for simulation were obtained from reports published by several authors and the time period during which the migration took place was assumed to be 1,000 years from the beginning of the Aeneolithic Yayoi age (ca. 300 B. C.) to early historic age (ca. 700 A. D.). It is supposed that Japan accepted a number of migrants from the East Asian Continent, mainly via Korean Peninsula, during this period, although there might have been some fluctuations in number of migrants (VEDA, 1966) .
The concrete methods of simulations will be described in the following chapters.
Population growth model
The population size in the prehistoric and early historic ages in Japan were estimated by some authors.
Employing a computer simulation method, KOYAMA (1979) estimated the population size in each stage of the Neolithic Jomon age (since ca. 8,000 B. C.), Aeneolithic Yayoi age (ca. 300 B. C. to 300 A. D.) and protohistoric Kofun age (ca. 300 A. D. to 700 A. D.). In addition, several other specialists in demography estimated the Japanese population size in the historic ages (compiled by OKAZAKI, 1986) .
On the other hand, MCEVEDY and JONES (1978) compiled the world-wide population history from the age before Christ to the present time. CARNEIRO and HILSE (1906) and HASSAN (1973 HASSAN ( , 1981 In the present study, the time period t is assumed to be 1,000 years as described above. Therefore, the constants required to solve the equation 4 are N0, N2 and r.
1) Estimation of initial population size, N0. KOYAMA (1979) estimated the population size in the final Jomon stage, or the latest Jomon, to be 76,800, and that in the previous stage, the later Jomon, to be 160,300 for all over Japan. Generally the Jomon population size increased during the period from the earliest to middle stages, then changed to decrease by the end of the Jomon period. KOYAMA (1984) attributed the reasons of population decrease to lack of foods caused by the gradual climate change to cold which took place since 6,000 years ago, and also to epidemic diseases brought by the people who migrated to Japan since the later Jomon age, the cases having been the same as in Amerindians and Australian Aborigines.
He also pointed out that the latest Jomon population density in Tohoku area, or northeast Honshu, was almost the same as that in Hokkaido of the middle 19th century.
Hokkaido has been inhabited by Ainu for thousands of years, and their subsistence and the climate are supposed to have been similar to those in the latest Jomon stage in Honshu.
On the basis of what mentioned above, KOYAMA'S estimate may be employed as the initial population size for the present study.
2) Estimation of the final population size N2. KOYAMA gives the population size of 5,399,800 for the protohistoric Kofun and early historic ages. These ages lasted about 1,000 years from the 3rd to 13th centuries with the modal age of around 700 A. D.
Another estimate given by OKAZAKI (1980) is 5,589,100 in 750 A. D. It is obvious that both estimates are similar each other so that KOYAMA's figure seems quite reasonable to use as the final population size in the present study.
3) Estimation of annual population growth rate, r. The basic cultural tradition of the Jomon people was hunting and gathering, but it changed rather drastically to the rice crop culture after the Yayoi age. Therefore, majority of the people in the age under consideration was farmers. Table 1 gives the estimated population sizes in 1 A. D, and 1,000 A. D. (MCEVEDY and JONES, 1978) and the annual population growth rates during this period. All the populations shown here introduced agriculture in the Neolithic age.
Although the annual growth rates fluctuate in different areas, the average rates in Europe, Asia, the Americas and the world do not exceed 0.009%. It is noteworthy that even in the agricultural populations there are some cases which show zero or minus growth rates during the first millennium.
HASSEN (1973, 81 ) assessed the growth rate in the Neolithic populations to be 0.1% in average, and CARNEIRO and HILSE (1960) gave the similar figure.
The population growth rates in early agricultural populations, therefore, might have been around 0.1% or less unless the populations were under unusual conditions. Table 2 shows the estimated population sizes and growth rates in the Japanese historic ages. The average growth rate from 750 to 1600 is 0.093%, and the highest rate of 0.127% was computed for the period between 1150 and 1600. These figures suggest that the 0.1% growth rate for early agricultural populations is quite reasonable. On the basis of the estimates above mentioned, we are able to employ the following figures as the initial values for the simulation: population size in the final stage of Jomon, N0=75,800, population size in the 7th century, N2=5,399,800, and time period, t=1,000.
Using these values we obtain the annual population growth rate of 0.427% which is unusually higher than in the cases of the other early agricultural populations. It is likely that the natural environment and resources in Japan were different from those in the other areas, but such a high value is hardly believable as a natural population growth rate. Very probably, therefore, a large scale of migration to Japan was responsible for the high population growth rate. In other words, it is quite likely that a large number of migrants landed Japan during about 1,000 years from the Yayoi to early historic ages. Table 3 gives the results of simulation in which the population growth rates were changed in a step of 0.1%. If KOYAMA's estimate for population size in the final Jomon stage and the world's average growth rate are employed, the total number of the migrants during 1,000 years is computed to be 3,024,156, which is unexpectedly large number. The result is still surprising even if we assume the growth rate of 0.3%. Perhaps the number of migrants which may be supposed by most of the anthropologists and archeologists is that computed by assuming 0.4% growth rate, but this rate is, in another view, hardly accepted if the age under consideration is taken into account. On the other hand, if the population size estimate for the final stage of Jomon was the same as in the later Jomon stage, we obtain the results shown in the lower rows of Table 3 . Even in this case, the numbers of the migrants were too large in comparison with the guess of most of the specialists in the related fields of sciences.
In any event, the results obtained by the simulation likely suggest that much larger number of populations than has so far been supposed migrated to Japan. Note: 1) In this table the annual growth rates are shifted in a step of 0.1%.
2) The initial and final population sizes are those given by KOYAMA (1979) .
3) Time period between initial and final stages is assumed to be 1,000 years (300 B. C.-700 A. D.). 4) Two estimates for initial population size used, the former being that of the latest Jomon stage and the latter of the later Jomon stage.
Morphological change model
This model is based on the secular changes of cranial morphology during the period from the Yayoi to Kofun ages. According to KANASEKI et al. (1961) , NAITO (1971) To simulate the rate of admixture, measurements for the hypothetical populations are estimated using equation 6 by changing p1 and p2 then the distance coefficients between the Kofun populations of migrant lineage and the hypothetical populations are computed. This procedure may suggest the rate of admixture in the former populations.
The data used were the following 7 cranial measurements reported by KANASEKI et al. (1960) , NAITO (1971) , IKEDA (1985) , Jo (1938) and SUZUKI (1981) : maximum cranial length, maximum cranial breadth, basion-bregma height, bizygomatic breadth, upper facial height, nasal breadth, and nasal height. Table 4 shows average values for the 7 cranial measurements in the 2 Yayoi and 5
Kofun populations representing the Jomon and migrant lineages. Table 5 gives the Q-mode correlation coefficients among the populations used and Figure 2 is a dendrogram drawn from the correlation matrix shown in Table 5 by employing the group Table 4 . Cranial measurements in Yayoi and Kofun populations (male). average method. It is quite evident that the 7 populations are divided into 2 large clusters. The upper cluster in Figure 2 includes the Yayoi population from Doigahama site and Kofun populations from several sites in west Japan, and the lower cluster consists of the Yayoi population from northwest Kyushu and the Kofun populations from south Kyushu and Kanto districts.
The former cluster is, therefore, recognized as of the migrant lineage and the latter of the Jomon lineage. The important finding from this simple analysis is a large difference between the populations of 2 lineages regardless of their ages.
The measurements for the hypothetical populations computed by equation 6 are shown in Table 6 . In this case, the populations of Doigahama site and northwest Kyushu were used as reference populations. As described above, the former represents the migrant and the latter the direct descendants of native Jomon populations in the Yayoi age. The microevolution rates were computed by the equation 7 based on the measurements of northwest Kyushu Yayoi and south Kyushu Kofun populations, both representing the Jomon lineage. The rates of admixture, pl and p2, were shifted between 0.1 and 0.9 in the step of 0.1 under the condition of p1+p2=1. Table 7 gives Q-mode correlation coefficients and MAHALANOBIS' generalized distances measured from different Kofun populations. Concerning the Q-mode correlation coefficients, the Kofun populations from west Japan, Chugoku and Kinki show the largest similarity to Doigahama Yayoi population and the second largest similarity to H1 population of which measurements were computed by assuming that the rates of admixtures were 0.1 (=p1) for the Jomon lineage and 0.9 (=p2) for the migrant lineage.
On the other hand, the Kofun population from Kanto shows the largest similarity to H3 population. In regard to the MAHALANOBIS' generalized distances, the Kofun populations from west Japan and Chugoku show the smallest distances to H2 population, Kinki to H1, and Kanto to H3.
From the statistical point of view, differences between the results obtained by Q-mode correlation coefficients and MAHALANOBIS' generalized distances may suggest that the Kof un populations are very close to Doigahama Yayoi population or the migrants in the shape factor, but different a little from the migrants in overall cranial morphology including both shape and size factors. In the present study, therefore, a larger significance may be attached to MAHALANOBIS' generalized distances.
The results obtained clearly show that the Kofun populations, in general, consist of 2 lineages of the Jomon and migrant but the rates of admixture differ in the areas. It attracts our special attention that even the Kofun population from Kanto which is morphologically far from those in west Japan shows unexpectedly high rate of admixture.
It is obvious that this kind of simulation does not give rigid results but shows general trends in cranial morphology of the Kofun populations. Nevertheless, the results shown in Table 7 seem to suggest that the admixture in the Kofun age took place to a much larger extent than was expected. 2) Underlined show the largest similarity or smallest distance in each column.
Discussion
The 2 ways of simulations described above show almost the same results. Namely, the migrants between the Yayoi and early historic ages were supposed to be so large in number that they gave a great impact on the native populations of the Jomon lineage not only culturally but also physically.
Comparing Tables 3 and 7 , the natural population growth rate of 0.2% seems to be likely for the period under consideration.
If this rate is assumed to be the case, proportions between populations of the Jomon and migrant lineages are computed to be nearly 1:9 or 2:8 in the Kofun and early historic ages, and these values are consistent with what estimated by the morphological change model. At the same time, the population growth rate of 0.2% is not necessarily too high in early agricultural societies. According to the figures given by MCEVEDY and JONES (1978) , for instance, the population size increased about tenfold in East Africa and by 12.5 times in Korea during the first millennium. The growth rates are 0.23% for the former and 0.25% for the latter.
The point of importance is that even if such a high, though not impossible, rate is assumed, a large number of migrants must still be taken into account for accepting a rapid growth of population size in Japan.
Methodologically, however, the models employed in the present study are still immature.
Either the population growth or morphological changes do not follow the linear models in actual cases. The better models, therefore, must be unlinear which include different elements such as changes in climate, food resources, diseases, social situations, etc. Unfortunately, however, these elements and the extents of influences on the early Japanese population are still uncertain so that the ideal models are hardly developed under the present knowledges of anthropology and related sciences.
Another problem concerns with the initial values for both models. The population size in the latest Jomon phase given by KOYAMA might be too small. Table 3 gives 2 initial values for the Jomon population size. Even if we accept the larger population size which is the estimate for the later Jomon phase, the number of the migrants is still assessed to be large enough and the proportion between the Jomon and migrant lineages in the 7th century is computed to be 1:4.6 when 0.2% of the annual population growth rate is assumed.
In calculating the microevolution rate, I used the Yayoi and Kofun populations in Kyushu because they occupied the areas which were geographically close each other. It is uncertain, however, whether these 2 populations are the most useful representatives for the present study. On the other hand, it is almost impossible, under the present situation, to find better population pairs of the Jomon lineage in the other areas. Paticularly, the reliable cranial measurements can be hardly obtained from the skeletal samples from areas other than Kyushu since the sample sizes of those skeletal remains are far from enough.
Nevertheless, the results obtained seem to show rough estimates to guess the structure of early Japanese population. The unbelievably high population growth rate, evidences in cranial morphology, and several historical records may support the findings of the present study.
During the last decade most anthropologists who were interested in the formation processes of the Japanese population have become to admit the physical impact of the migrants on the native Jomon population. However, their arguments still largely vary in regard to the number of the migrants. Some anthropologists emphasize that the number of migrants might have been so small that their influence was 'negligible', and the others suppose 'fairly large' number of migrants, but nobody suggested 'considerably large' number . In practice, no investigation has so far been carried out in regard to this subject so that the arguments were made without scientific basis. Although the present study does not give the decisive estimates as just mentioned, several morphological characteristics, secular changes and geographic variations in early as well as modern Japanese (see HANIHARA, 1984, 85) , and the large differences between the 2 groups of the Jomon and migrant lineages may be interpreted more logically by applying the results of the present study. Needless to say, several evidences obtained by the related fields of sciences must be included to make the models more reliable in the future.
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